A review of Drosera whittakeri s. lat. is presented, along with its more distant relative D. praefolia,
Introduction
Drosera whittakeri Planch., as presently understood, is the only eastern Australian member of Drosera subgen. Ergaleium sect. Erythrorhiza (Lowrie 1987 ). This section is characterised by having tubers, a vertical, subterranean primary stem with prophylls; leaves rosulate, exstipulate, non-peltate, sessile or broadly petiolate; flowers sweetly scented; and styles 3 with many, divided, filiform segments (Marchant et al. 1982) . In addition, replacement tubers show the unusual habit of developing inside the degenerating tissues of the parent tuber (Conran 2008 ).
There are different interpretations of the taxonomy of D. whittakeri, ranging from a single, very variable species (e.g. Marchant et al. 1982 , Marchant 1986 , Schlauer 2006 ; two subspecies recognised within D. whittakeri (Lowrie & Carlquist 1992 , Schlauer 1996 , Clayton 2003 ; and/or the recognition of D. praefolia Tepper as separate from D. whittakeri (Bates 1991 , Gibson 1995 , Clayton 2003 , CHAH 2006 .
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Drosera praefolia was distinguished from D. whittakeri s. lat. by its white tuber, flowers borne on lateral inflorescences that emerge before the leaves; and variably obovate, elliptic and orbicular leaves all within the same rosette (Bates 1991) . Similarly, D. whittakeri subsp. aberrans Lowrie & Carlquist was separated from subsp. whittakeri based on its few-flowered, stoloniferous, colony-forming habit.
In September 2002, Erwin Schmutz discovered an apparently new taxon on Kangaroo Island (here described as D. schmutzii), recognising that it differed from material currently included in D. whittakeri. This taxon was also collected independently by Clayton (2003) , who provided informal descriptions, photographs and information about its distribution and habitat. Field observations and comparison of the plant with D. whittakeri and D. praefolia suggested that not only was this new taxon distinct, but that the other taxa associated with D. whittakeri were all sufficiently different to justify specific rank (Table 1) .
Although three members of the complex occur on Kangaroo Island (Fig. 1) , the new taxon is the only endemic. It co-occurs occasionally with D. praefolia and only extremely rarely with D. whittakeri s. str. (Clayton 2003) , but differs from both in numerous features (Table 1) , and cannot be confused easily with other members of the complex. 
Methods
Living specimens both in the field and in cultivation were examined for the characteristics listed in Illustrations: Mueller (1879) Fig. 10 ; Lowrie & Carlquist (1992) Fig. 8 ; Lowrie (1998: 257) ; Lowrie (1998: 259 photos) .
Perennial herb, colony-forming, tuberous, stoloniferous, green, orange-yellow or red, with leafy rosette, 3-5 cm diam. Tuber pale orange, ± broadly obovoid, c. 8 mm long, c. 8 mm diam., enclosed in a number of black papery sheaths at the end of a vertical subterranean stem 4-5 cm long. Leaves broadly spathulate, adpressed to soil surface, often turning redder with age, with 8-12 leaves per rosette; petiole 8-15 mm long, 1-1.3 mm wide at base, dilated to 1.5-1.7 mm wide distally (at base of lamina), longitudinally weakly 3-5 ridged, margin entire, glabrous; lamina obovate to broadly obovate, 5-11 mm long, 6-11 mm wide, length and width commonly variable within same rosette, margin basally entire, distally dentate, with apex dentate (more readily observed on abaxial surface), with glandular trichomes terminating each apical dentate marginal segment, insect-catching glands positioned on adaxial surface near margin of lamina, with slightly shorter glands medially, trichomes green to translucent red with dark red glandular heads, abaxial lamina glabrous, veins branched towards apex (more readily observed in dried specimens). Inflorescence consisting of 1-4 (rarely to 7) flowers arising from centre of rosette and opening singly in succession, pedicels ± similar in colour to leaves, 1-4 cm long, sparsely covered with scattered sessile glands, pedicels decumbent in fruit. Sepals green to reddish, lanceolate, 4-5 mm long, 2-4 mm wide, margin entire, apex entire, abaxial surface black dotted (more easily observed in dried specimens), with small number of scattered minute sessile glands similar to those found on scape, otherwise glabrous. Petals white, cuneate, margin entire, apex retuse, 8-12 mm long, 5-8 mm wide. Stamens 5, 4-4.5 mm long, filaments white, anthers yellow, pollen yellow. Ovary green, obovoid, 1.7-2 mm long, 1.6-1.9 mm diam. Styles and stigmas 3, white, 1.6-1.8 mm long, each divided into many filiform branching segments, glabrous, stigmatic portion white, slightly dilated apically into a single, rounded, knob-like projection, papillose. Seed charcoal black, ovoid-cylindrical, 1-1.3 mm long, 1-1.3 mm diam., surface sculpture irregularly hexagonal with thickened anticlinal margins; micropyle within indented basal pole, apical pole rounded. Conservation status: common and well represented in conservation areas. Not threatened. Notes: Drosera aberrans flowers July-September and has a dry dormancy period as a subterranean tuber over summer. The species regularly multiplies asexually, producing axillary stolons that occur along the vertical subterranean stem and frequently from the centre of the parent rosette. These stolons develop above the soil surface until clear of the parent plant, and then burrow into the soil where additional tubers are produced. As a result of this stoloniferous propagation, large, mat-like, compact colonies of rosettes are produced. Possibly because of this, not many flowers are produced in most years, a single colony of several hundred ramets often only making a few flowers per season, and generally only 1-4 per flowering shoot, although plants on more fertile soils may produce more flowers (rarely up to seven per plant) and more regularly. Unlike the other species described here, the flowers appear to open singly in succession on each shoot. The scent is (subjectively) sweet and similar to D. schmutzii, but differing from D. praefolia and D. whittakeri. Leaf colour does not appear to be a function of exposure, as green, orange and red-leaved forms grow together at many sites as adjacent unicoloured colonies, both in shade and full sun, and maintain these colours under uniform cultivation conditions (pers. obs.), although leaves also tend to become more red with age.
Mueller (1879) Illustrations: Lowrie (1998: 217) ; Lowrie (1998: 219 photos) .
Perennial herb, solitary, tuberous, green, or sometimes red (in full sunshine), with a leafy rosette, 4-6 cm diam.. Tuber white, ± globose, 6-8 mm long, 6-8 mm diam., enclosed in a number of black papery sheaths at the end of a vertical subterranean stem 3-5 cm long. Leaves obovate, absent at anthesis, adpressed to soil surface, with 8-16 leaves per rosette; petiole 4-8 mm long, c. 2 mm wide at base, slightly dilated distally at base of lamina, lenticular and slightly lunate in section on the upper leaves, less so on the lower leaves, margins slightly revolute, glandular; vernation involute; lamina ovate to obovate, 10-16 mm long, 8-12 mm wide, length and width commonly variable within the same rosette, margin entire, distally dentate with apex dentate (more readily observed on abaxial surface), with glandular trichomes terminating each apical dentate marginal segment, insect-catching glands positioned on adaxial surface near margin of lamina, with slightly shorter glands medially, trichomes green to translucent red with dark red glandular heads, abaxial lamina glabrous, veins branched towards apex (more readily seen in dried specimens). Inflorescence a lateral, subterranean scape emerging prior to the leaves. Flowers up to 10, terminal on scape, pedicels green to red, 2.5-5 cm long, sparsely covered with scattered sessile glands, pedicels decumbent and ± underneath leaf rosette in fruit. Sepals reddish, narrowly ovate to lanceolate, 4-5 mm long, 1.1-1.5 mm wide, margins entire, apex irregularly serrate, abaxial surface black dotted (more easily seen in dried specimens), glabrous. Petals white, cuneate, margins entire, apex crenulate-retuse, 6-8 mm long, 3-4 mm wide. Stamens 5, 3-3.5 mm long, filaments white, anthers yellow, pollen glassy, pale-yellow. Ovary green, obovoid, 1-1.2 mm long, 1-1.2 mm diam. Styles and stigmas 3, white, 1.2-1.4 mm long, each divided into many filiform branching segments, glabrous, stigmatic portion white, apically 2-lobed, slightly dilated, papillose. Seed charcoal black, ovoid, 0.7-1 mm long, 0.4-0.8 mm diam., micropyle within indented basal pole, apical pole rounded, surface sculpture irregularly hexagonal with thickened anticlinal margins. (Figs 2c & 3c, d) Habitat: the species generally grows in exposed, dry sites or open woodland on loams, decomposed shales or lateritic clay-sand. It flowers in moderate shade as well as full sun and does not need fire to trigger flowering.
Distribution: Drosera praefolia occurs in south-east South Australia along the southern Fleurieu Peninsula south of Adelaide, extending to Kangaroo Island. (Fig. 1b) Conservation status: well represented in conservation areas and not considered to be threatened, despite its relatively narrow distribution.
Notes: the species flowers April-May, often shedding its seeds before leaf production, and has a dry dormancy period as a subterranean tuber over summer. Leaf colour varies from green to red in this species, but unlike D. aberrans and D. whittakeri, redder leaves seem to be more a response to exposure to sunlight.
Although described by Tepper (1892) from material he collected on the Fleurieu Peninsula near Adelaide, the species was largely ignored, or regarded as a poorly known, precocious-flowering variant of D. whittakeri (Marchant et al. 1982 , Marchant 1986 (Lowrie 1989 ) and later, specific rank (Gibson 1995 , CHAH 2006 , D. praefolia continues to be regarded as part of D. whittakeri by some authors (e.g. Barker et al. 2005 , Schlauer 2006 ). However, its numerous differences from the other species described here strongly support its recognition at species rank. Affinis Drosera whittakeri sed saepe breviter caulina. Folia rosularia spathulata petiolata et folia caulina verticillata (D. stolonifera similis); petioli angusti canaliculati. Petala obovata, truncata, alba, 10-14 mm longa, 7-9 mm lata. Semina nigra, oblongairregularis, ruminata-reticulata, ad apicem et basi indenta, 1.3-1.5 mm longa, 1.2-1.5 mm × 0.8-0.9 mm lata. Perennial herb, solitary, tuberous, green to red, with a leafy rosette, 3-4 cm diam. at anthesis. Tuber pale orange, ± broadly obovoid, c. 8 mm long, c. 8 mm diam., depressed laterally, enclosed in a number of dark brown papery sheaths at the end of a vertical subterranean stem 4-5 cm long. Leaves narrowly spathulate, few leaves adpressed to the soil surface, most semi-erect, a second distal leaf whorl often present on a stem c. 10 mm long (resembling the leaves of D. stolonifera), with 8-10 leaves per rosette; petioles 8-12 mm long, 1-1.3 mm wide at base, dilated to 2-2.5 mm wide distally at base of lamina, adaxially canaliculate in section on distal leaves, less so on basal leaves, longitudinally ridged, margins entire, glabrous; lamina obovate to broadly obovate, 5-9 mm long, 6-11 mm wide at anthesis, length and width of lamina commonly variable within same rosette, longitudinally depressed adaxially for two thirds, distal lamina often incurvedlunate (resembling D. stolonifera leaves), basal margins entire, distal margins dentate with apex dentate (more readily observed on abaxial surface), with glandular trichomes terminating each apical dentate marginal segment, insect-catching glands positioned on the adaxial surface near margin of lamina with slightly shorter glands medially, trichomes translucent red with dark red glandular heads, abaxial lamina glabrous, veins branched towards the apex (more readily observed in dried, blackened specimens).
Inflorescence consisting of 1-3 terminal, short to elongated scapes, or flowers ± arising from the centre of the rosette. Flowers usually 2-7, pedicels ± similar in colour to leaves, 2.5-4 cm long, sparsely covered with scattered sessile glands, pedicels arching downwards in fruit. Sepals reddish, narrowly ovate to lanceolate, 4-7.5 mm long, 1.3-3 mm wide, margins entire, apex a little irregularly serrate, abaxial surface black dotted (more easily observed in dried specimens), with a small number of scattered minute sessile glands similar to those found on the scape, otherwise glabrous. Petals adaxial and abaxial surface white, obovate, margin entire, apex retuse, 10-14 mm long, 7-9 mm wide. Stamens 5, 3-3.5 mm long, filaments white, anthers white, pollen yellow. Ovary green, obovoid, 1.2-1.5 mm long, 1.2-1.3 mm diam. Styles and stigmas 3, white, 1-1.5 mm long, each divided into many filiform branching segments, glabrous, stigmatic portion white, slightly dilated apically into single knob-like projection, papillose. Seed charcoal black, irregularly cuboid, sides ± flattened, 1.3-1.5 mm long, 1.2-1.5 mm wide, 0.8-0.9 mm thick, micropyle small, ± hidden within an indented basal pole, apical pole indented, surface sculpture strongly irregular hexagonal, with weakly thickened anticlinal margins. Habitat: Drosera schmutzii commonly grows in buff-yellow sandy clay with laterite Distribution: Drosera schmutzii is a Kangaroo Island endemic that occurs across the island, but seems to be mainly in the northern and eastern areas (Fig. 1c) . It occurs along the N and E boundaries of the Flinders Chase National Park, but does not seem to be widespread inside the park, although this may represent lack of collecting.
Conservation status: although common across the island and not immediately threatened, the majority of collections have been from areas that are subject to human impact (e.g. along roadsides) or are not in reserves.
Notes: the species flowers from late June to September and has a dry dormancy period as a subterranean tuber over summer. Leaf colour varies from green to red in this species, but unlike D. aberrans and D. whittakeri, redder leaves seem to be a response to exposure to sunlight.
Drosera schmutzii is distinguished by its very narrow, canaliculate, eglandular petioles (Fig. 5b) ; semi-erect leaves (Fig. 5a , c) and frequent presence of whorled leaves on a short axis (Fig. 5c ), resembling the leaves of D. stolonifera Endl. It is further distinguished by its larger, irregularly cuboid seeds with very irregular testal sculpturing ( Fig. 3e-f ). These characteristics, as well as the differences noted between the other members of the D. whittakeri complex were consistent across the material examined, as well as for specimens grown under cultivation for several years by both authors. Even though there is some geographic and/or habitat overlap between the different taxa, at those few places where two or more of the complex co-occur there was no evidence in intergradations between them.
It was at first thought that another larger, many-leaved, rosette-forming, multiflowered taxon, related to the Drosera whittakeri complex occurred on Kangaroo Island (in addition to D. whittakeri, D. schmutzii and D. praefolia) . However, while it occurs frequently on the island, it proved to be just a very robust form of D. schmutzii when grown in cultivation, apparently analogous to the robust forms of D. whittakeri s. str. from the Adelaide Hills. Although D. schmutzii grows in a range of habitats across the island, and often co-occurs with D. praefolia, it is only very rarely found growing with D. whittakeri (Clayton 2003 and pers. obs. by both authors).
Climatic predictive distribution modelling at 75% tolerance (Fig. 6a) shows that the species is effectively confined to Kangaroo Island, with only possible extensions to the southernmost Fleurieu and Yorke Peninsulas under the 50% tolerance model (Fig. 6b) . However, extensive searches in these areas failed to find any plants resembling D. schmutzii and in any case, D. whittakeri s. lat. is almost completely absent from the Yorke Peninsula. Habitat: common in a range of soil types from sand to clay-loams, rarely lateritic gravels, but not on limestone-derived clays. The plants grow in full sun or partial shade in open woodlands, heaths and grasslands.
Distribution: widespread through the Mount Lofty Ranges, South Australia as well as Kangaroo Island, with scattered collections from Yorke Peninsula (Fig. 1d) . The species extends east in the Murrayland to the Coorong National Park and Monarto Conservation Park, where its range overlaps narrowly with D. aberrans, but with no obvious intermediates.
Conservation status: common and well represented in conservation areas. Not threatened.
Notes: the species flowers July-October and has a dry dormancy period as a subterranean tuber over summer. Leaf colour does not appear to be a function of exposure, as green-, orange-yellow-and red-leaved forms grow together at many sites, and continue to do so under uniform cultivation (Clayton 2003 and pers. obs. by both authors), although plants also tend to turn redder with age.
A larger, more-robust form of D. whittakeri has also been reported from the Adelaide Hills (Lowrie 1989 Clayton 2003) and often has many more flowers and semipendulous rather than prostrate fruits. Nevertheless, examination of populations across the species'range shows that there is gradual introgression between the forms, with no clear morphological or geographic boundaries. The robust plants often grow on relatively better soils (loams versus sands), often in association with Acacia paradoxa
